
PATENT SPECIFICATION 

769,038 

Date of Application and filing Complete Specification: Nov. 30, 1954. 
No. 34686154. 

Application made in United States of America on Dec. /, 1953. 
Application made in United States of America on June 9, 1954. 
Complete Specification Published: Feb. 1957, 



Index at acceptance:— Class 38(2), TIF, T7(A2B: AS: OA: C4). 
International Qassification: — ^H02L 

COMPLETE SPECIFICATION 

Improvements in or relating to Inductive Devices 



Wc, Bendix Aviation Corporation, a 
corponiDon of the State of Delaware, United 
States of America, rf 1104 Fisher Building, 
Detroit, Michigan, United States of America, 
5 do hereby declare the invention, for ^ch we 
pray ihat a patent may be granted to ns, and 
thc'mcthod by which} it is to be performed, to 
be particularly described in and by the foHow- 
ing statement:— 
10 The present invcnnon relates to electrical 
apparatus having two relatively movable in- 
duaivtriy coupled elsmeats and more particu- 
larly to such apparatus for producing a non- 
sinusoidal relationship between the coupling or 
15 cutpm voltage and the relative position of the 
two relatively movable elements. The present 
invention relates especially to variable conduc- 
tors and rotatablc transformers. 
Heretofore, rotatable transformers or vari- 
20 able inductive devices of the ^e known as 
synchros have been employed in tderaetering 
and 'scrvomechanism applications. However, 
in prior synchro device and rcta'cable trans- 
formers of conventional practical construction 
25 the relationship between coupling or output and 
the angular displacement between the rotor and 
stator elements follows a substantially sinu- 
soidal law. Various constructions and winding 
distributions for obtaining a substantially pure 
30 sinusoidal relationship bet\^'een touplmg or 
output and displacement are disclosed in our 
patent specifications Nos. 671>632 and 
680,503. . ^ 

However, there are many appucauons for 
35 variable mduciive devices where it is required 
that there be a non-sinusoidal relationship 
between coupling and relative displacementi or 
between output voltage and relative displace- 
ment In one prior construction the windings 
40 of several ganged separate inductive devices 
were conncrtcd in series to produce a non- 
sinusoidal relationship between a resultant 
voltage and rdative displacanent between the 
prnnaiy and secondaiy vrindings. 
45 Recent developments in the telemetering, 
servomechanism and coinputer fields require a 
rotatable transformer or variable inductor witii 
primary and secondaiy windings wherein there 

[Price 3s. Od,] 



is a substantially linear rdationship relating 
the degree of coupling or flux linkages between 
the primary and secondary windings to the 
relative displacement between the primary and 
secondaiy windings. Stated differentiy, in the 
case of a rotatable transfomier havmg one 
secondaiy winding it is reqiured for a given 
input or primary voltage that the relationship 
between die secondary voltage and the angular 
displaicement between primary and secondaiy 
windings be substantially linear over a pre-* 
determined working range of angular* dispkce- 
mems. One attempt to provide a rotatable 
transfoimer havmg such- a linear relationship 
involved either axrangmg windings so tha^ 
starting with a certain number of turns at one 
end of one pole face^ the mmiber of turns were 
progressively increased toward the other end 
or dse employing a variable gap and uniform 
windings. Willi such construction a concen- 
trated secondary windng could be employed 
having a pitch which is a frajction of the pitch 
of the primary winding. However, such con- 
struction and wmding arrangement proves im- 
practical and unsatisfactory from the stand- 
point of accuracy ssid production requirements 
involving minimum expense. 

It is an objea of die present invention to 
provide a variable inductive device^ such as a 
rotatable transformer, in which one of the two 
inductively cotipled* elements has a winding so 
distributed that the rdationsbip between cot^K 
ling or output and the relative poation or 
displacement between the two inductively 
coupled elements follows a predeternuned 
desired non-smusoidal law or ch^cteristac. 

It is another object of the present invention 
to provide a variable inductive devic&i sudi as 
a rotatable transformer, in which one of the 
two inductively coupled elements has a wiiid- 
ing so distributed' that the relationship rdatin?; 
degree of coupling of flux linkages or second- 
ary voltage to the angular displaioement 
between the primary and secondary windings 
is substantially linear with a; substantially con- 
stant slope over a satisfactory working range 
of angidar displacements between sad wmd- 
ings. 
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According tiierefore to one aspect of tbe in« 
vention there is provided a variable inductive 
device, such as a rotatable transformer having 
two uiductively coupled elements respectively 
5 carrying the primary winding and the second- 
ary winding, for producmg a desired non- 
sinusoidal relationship between the Kcondaiy 
voltage; and the angular displa'cement between 
the primary and secondary windings, in which 
lU the secondary winding includes a series of 
coils which lie in slots widi the same or a 
diflFerent number of turns and a different slot- 
pitch for each independent coil, whidi are all 
substandally symmetrical about an axis normal 
-i^ to the axis of jotatton, and which are distri- 
buted to produce a series of predetermined 
different hannom'cs of predetermined ampli- 
tude in saM relationship between the second- 
voltage and the angular displacement 
2Sf^ ^ primary and secondary wmdmgs. 
The preferred embodiments of the inven- 
tion will now be described by way of example 
with reference to the accompanying drawings 
wherein like reference numerals refer to 
25 similar parts and wherein: 

Fig. 1 illustrates schematically minimum 
and maximum coupling positions for a rotat- 
able transformer; 

2 .illustrates graphically the sinusoidal 
30 relationship between the degree of coupling or 
voltage output and the angular displacement 
of the rotor from the stator in a conventional 
rotatable transformer or variable inductor; 
Fig. 3 illustrates graphically the relationship 
35 between the degree of coupling or voltage out- 
put and the angular displacement of the rotor 
from the stator provided by one type of 
linear-output rotatable tranrfoimer or variable 
inductor construaed and woimd in accoxdance 
40 with the present invention; 

Fig. 4 is a front elevational digram of a 9- 
slot stator for a linear-output type rotatable 
transformer or other rotatable inductive 
device^ in accordance ^vith the present 
45 inventbn and shon'ing one type of rotor that 
may be employed, the stator coils bemg 
omiaed for simplici^; 

Fig. 5 is a front elevational diagram of a 
9-sIot stator for a linear-output type rotatable 
50 transfonner or other rotatable mductive 
device illustrating the position of the four 
coils wound m accordance with the present 



105 



invention; the rotor being omitted for the sake 
of clearness; 

Fig. 6 is a front elevational of a 15-slot stator 55 
for a Imcar-output type ibtatabk transformer 
or other rotatable inductive device illustrating 
the position of the seven coils wound in 
accordance widi die present invention, the 
rotor being omitted for the sake of deamess; 60 
and 

Fig. 7 is a detailed side view, partially in 
section, of a linear-output type rotatable 
transfonner constructed and wound in accord- 
ance witii the present invention. 65 

Jn accordance with one aspect of the 
present invention there is provided a method 
and means for obtaining in an inductive 
coupling device a predetennmed desired non- 
smusoidal relationshqj between couplmg or 70 
output vcdtage and die relative position or 
angular displacement between the inductively 
coupled relatively movable elements, the 
windmg of one of the elements being distri- 
buted to produce a series of desired diffcrwit 75 
harmonics m said relationship between coup- 
tog or output and relative position or 
displacement In another more specific aspca 
an analysis such as a Fourier analysis of the 
wavefonn of said desired non-smsusoidaJ. 80 
relationship is made to determine the maxi- 
mum amplitude Eh for each of the coraponeni 
harmonic voltages corresponding to said 
desired harmonics, and the windmg of one of 
the elements is distributed on a slotted core 85 
into a number of substantially parallel, or 
equivalent, coils woimd symmetrically about 
an axis normal to the axis of di^lacement or 
rotation widi the distribution determined by 
the simultaneous solution of a number of 90 
equations including a finite series of sinusoidal 
tenns^ each of the equations eacpressing, for 
a respective coil and for the particular 
harmonic, the coils couplu^ or component 
voltage contribution to vie resultant output 95 
voltage as dependent upon die number of its 
turns, die effeaive position of its conducting 
bars at any of a nimiber of tqmOy spaced 
pohits so that the coils have their bars effec- 
tively lumped at electrical angles which are 100 
integer multiples of the spacing between said 
pomts. For a symmetrical wavefonn and core 
having an odd number of dots n the general 
formnla for tbe equation is 



Ei. = Kb(N,sinh^,+N.sinh<92+N;,smh^a . . . +N„sinfai9J 



where N is the unknown to be solved and 
represents the number of turns in a coil 
having a pitdi of the number of slots indicated 
by the subscript, h is the order of the parti- 

110 cular harmonic m the relationship between 
the degree of coupling or the output voltage 
and the relative position or angular displace- 
ment between the relatively movable elements, 
Kj, is die coupling factor for the h order 

115 hannonic and may be determined by one 



(4) 



skilled in the art, and 0 is die placemait 
sngl^ with respect td die axis of the windmg, 
of tile cod having a pitch of die numbwof 
slots uidicated by tiie subsaipt, whereby die 
harmomcs and component hannonic vohages 120 
of the different orders combine to produce 
said output voltages and said predetennmed 
non-sinusoidal relationship between said 
d^ree of coupling or ouQiut voltage and the 
relative position or angular displacement 125 
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between the relatively movable elements. 

Turning to Fig. 1 there is illustrated 
schematically a rotatable transfcrmer 11 
having a lotatable primary winding 12 wound 

5 on a rotor (not shown) and a stationary 
secondary winding 13 wound on a stator (not 
shown). The primary winding is conneaed 
across a pair of terminals 14, 15 for 
energizadon from an a>c. source (not 

10 shown). Far purposes of discussion it will be 
assumed that the magnitude of the input 
voltage applied to the primary winding 
remains constant. When the primary winding 
and rotor are rotated to a null position so 

15 that the primary and secondary windings are 
effectively at right-angles to eadi other, as 
shown in Fig. 1(a), so that there is minimum 
coupling or flux Imkages between thq prunary 
and secondary, then the a.c. voltage induced 

20 in the secondary winding is zero or substan- 
tially zero. As shown by the positive half of 
the wave in Fig. 2, when the rotor of a 
conventional rotatable transformer is angularly 
displaced slowly in one direction away from 

25 iiB null or minimum coupling position the 
degree of coupling betv/een the primary and 
secondary windings and the secondary voltage 
correspondingly incrKtse but in a sinusoidal 
manner. 

30 When the rotor has been angularly displaced 
90* from its nuH or zero-output position so 
that the primary and seconda^ windings are 
effectively parallel to eaich oth^^^ as shown in 
Fig. 1(b), so that there is maximum coupling 

35 or flux Imkages, then the a.c. voltage induced 
in the secondary winding will be maximum. If 
the rotor is instead rotated in the opposite 
direction away from such null position, then 
as shown by the negative half the wave in 

40 Fig. 2 an a.c. voltage of opposite phase will 
be induced in the secondaiy winding and will 
increase in amplitude, again in a sinusoidal 
manner, until the wind^gs are again effec- 
tively parallel with maximum coupling which 

45 causes a maximum a.c. voltage of said 
opposite phase to be induced in the second^ 
winding. The ;elationslHp represented in Fig. 
2 also applies for a rotatable transfoimei 
where the primary winding is staftionaiy and 

50 the secondary winding is wound on the rotor. 
As previously indicated the present inven- 
tion makes it possible to cxmstnia a rotatable 
transformer wherem there is obtained, over a 
satisfaaory range cr ranges of angular dis- 

55 placements, a substantially linear relationship 
relating the coupling or voltage output to the 
angular displacemait between the rotor and 
the scator, and hence the displacement be- 
tween the primary and secondary windings. As 

60 indicated by the solid curve in Fig. 3, a sub- 
stantially linear variation of one constant 
slope is obtained for displacements to 
approximately 60" on each side of null or 
zero. Much of the description that follows 

65 will be direoied by way of example how 



the present invention may be employed to 
construct such a linear-output type rotatable 
transformer. However, it is to be understood 
that the invention also applies to^ other 
apparatus cmpjloy^ing relative^ movable in- 70 
ductivdy coupled elements where it is required 
to obtain a predetermined desired non- 
sinusoidal relationsh^ relating coupling or 
QMtput voltage xo the relative posMon or 
angular displacement betweoi the rdativdy 75 
movable elements, for example special types 
of ^dbro or resolver devices or rotatable 
transformer having more than one primary or 
secondary winding. 

As obtained by a Fourier analysis of the 80 
waveform, the equation of the waveform 
representing any desired non-sinusoidal 
relationship relating coupling or oircput 
vcdtage to angular displacement between the 
inductively coupled elements appears in the 85 
following general form; 

o^ = Eo + E, sin ^ + Ei cos^+E, sin2<» + 
Ea cos2^+E3 sin 3f -hE, cos 3^ + 
E4 sin- + E4 cos 4^ +Es sin 5*+ 
£50055^+ .... +Exsinx^+ 90 
Ej cos x^ (1) 

where e^ is the instantaneous amplitude of the 
resultant ouiput voltage corresponding to 
each possible angular displacement; Ho is the 
magnitude of any d.c voltage component that 95 
may be present; £ is the maximum amplitude 
of each of the various odd and even* harmonic 
voltage components, the order <rf the particular 
harmonic being denoted by the particular sub- 
script; ^ is the coupling angle or more parti- 
cularly the angular displacement between the 
inductively coi^led dements expressed in 
degrees; and x is the Inghest harmonic in the 
series. 

Since the ou^ut waveform of the relation^ 
ship relating coupling or output seoondaiy 
voltage to angular displacement is symmetrica] 
in all respects, the d.c. component the even- 
order harmonics and the cosme terms wOl 
cancel om. The equation thorefore wiill reduce 
to diQ following form: 

e^=E,sin^ + EaSin3^ + E;Sin5^>+ ... 

EjSinx^ (2) 

where e« is the instantaneous amplitude of the 
residtant or output vohage corresponding to 
each possible angular displacement. 

E, is the maximum amplitude of the funda> 
mental or first hannonfc component voltage. 
E. is the maximum amplitude of the tfahd 
harmonic component voltage. 120 

is the maximum amplitude of the fifdi 
harmonic component voltage. 

Ex is the maxmium amplitude of die x 
harmonic component voltage. 

The equation obtained by a Fourier 125 
analysis of a pure triangular waveform such as 
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the one indicated by fig. 3 but with shaip 
peaks^ as indicated by the dotted Ihes^ rather 
than fattened peaks as indicated by die solid 
lines in the vicinity of +90** and -90*, is 
5 as follows: 

e(> = K(l sin ^ - 0.111 sin 3f + 
0.0400 sin 5^ - 0.0204 sin 7^ + 
0.0123 sin 9^ - 0.00826 sin 1 1^ + 
0.00592 sin 13^+ . . . +E:,sinx^/) (3) 

10 M'here K is a constant depending upon the 
particular value of the maximum amplitude of 
the fundamental voltage. 

After the particular voltage for the inaxf- 
mum amplitude of each of the pertinent 

15 hamionrcs for the particular waveform in 
qucsdon has been detennined, by the above 
Fourier analysis mediod or by other methods 
Buch as a graphical analysis etc, then an 
equation is established for each harmonic in 

20 terms of the number of turns m each coil and 
the placement angles of the various coils, or 
ceil slot location, with respect to the axis of 
the stator windings as indicated by the various 
angles ^ in fig. 5. For illustration a sunple 

25 synchro type stator is employed. Reference 
may be had to the previously mentioned 
patent specifications Nos. 671,632 and 680,503 
for mere detailed consimction to aid in a 
further imderstanding of the ramificadons of 

30 the present invention. 

The general fonnula for the equation for 
eucfa hannonic is expressed in the following 
fozm: 

Eh«Kh(N,sinh<^i+N.sinh^,+ 
35 NaSinb^- . . . +NaSmh^.) (4) 

Where n is the total number of coils of 
different pitch; N is the unknown to be 
solved and represents the number of turns in 
a coil having the pitch of the number of dots 

40 indicated by the subscript; h is the order of 
the particular hazmonic; Kb, \Mdi is the 
coupling faaor for the h order bumonic 
depends upon the medianical configuration of 
the rotor and stator and may be determined by 
one skilled in the art; and ^ is the placement 
angle, with respect to the axis of the stater 
winding, of the coil having a pitch of the 
number of slots indicated by the subscript 
For example, the equations for the first, 

50 third, fifth and (2 n-1) hannonic take the 
following form, respeaively: 

El = K,(N, sin +N„ sin + 

N,siiifl+. . . N„sinl9n) (5) 

E, = Kc(Nj sm 3^, +K sin 39^ + 
55 N, sin 3^3+ . . . N„sinH) (6) 

E . = K,(N, sin 5<?| + N. sin 50.. + 

N35m5^3+. . . N„sm5^.) (7) 



Ef2B-ij = K(3n-i; Nj sin (2n - 1) ^, + 
N. sin (2n - 1) ^a+Nj sin 
(2n-l)<?o-h . . . N.sin 60 
(2n-l)^o (8) 

where E ^u^i^s^ maximum amplitude of the 
(2n- 1) harmonic, 
n = total number of coils of different 

pitch. 55 
Kj= coupling factor for fundamental or 

fiirst hannonic 
Ka= coupling factor for thiid harmonic, 
coupling faaor for fifdi hannonic. 

= coupling factor for (2n-l) har- 70 
monic. 

N, ^number of turns in coil of l-slot pitch. 
No = number of tunis in coil of 2-sk7t pitch. 
Na = number of turns in coil of 3-slot pitch. 
No = number of tums in coil of n-skit pitch. 75 
= placement angle of coil with 1-slot 
pitch. 

^2 =placement angle of coi! with 2-slot 
pitch. 

= placement angle of coil with 3-slot go 
pitch. 

B placement angle of coil widi n-slot 
pitch. 

The equations are then solved simulta- 
neously for the values of the only unknowns 83 
which are the values of N„ N^, ... and 
No. It will be apparent from the laws of 
simultaneous equations that the number of 
hannonic which axe controllable depends upon 
the total number of coils n of different pitdies 90 
which are available, which depends upon the 
total number of slots available. 

The maxunum number of harmonics which 
can be controlled by any given windhig of the 
simple cylindrical stator, or rotor, type core; is 95 
as follows: 

n»-l 

where Ut is odd 

2 

nt 

— where n, is even 
4 

where Ut is the munber of available slots. The 
advantage of usmg a \vinding having an odd 100 
number of slots is obvious from the above. By 
the above method it is relatively simple to 
detennine the winding for any given output 
waveform. Any value of N, whi^ is negative 
requires that the tums for that coil be wotmd 105 
opposite to the normal direcdon of winding. 
As stated previously, the coils are all con- 
nected dn series so that the hannonic com- 
ponent voltages are added algebraically. 

In one constraction in accordance wth the 110 
present invention a 15-slct (7 coil) stator was 
employed to provudc a rdarionship as 
indicated by the solid line curve in Fig. 3 
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with the folloxving values for the ratio of the followmg values for the nnmber ti^ 

maximum amplitude of each of the harmonic for each coil of «nt ^^^^ ^ 

comoonent voltages to the maximum stator wmduig and the percentage of tlie tttei 

SmZ of thi fundamental component number of «m$ of the stattr ^dmg which 

voltage E„ the following values <rf the coi^)- the tums rf each coil iqwesait: 
]jng factor K for the various harmmiics, the 
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0.00105 
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0.00229 
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Coupling 
Factor 



Percent 

Turns of Total 



=- 1.000 N, = 165 



K,= 0.259 N2 = 155 



Kfl=- 0.0984 N3 = 150 



0.0466 N^ = 150 



K^«-. 0.00772 N;s=150 



K„«- 0.0166 N«=:150 



K,.= 0.00775 N7 = 150 



15.4 



14.5 



14.G 



14.0 



14.0 



14.0 



14.0 



In another construction in accordance with 
the present invention a 15-slot (7-coil) stator 

30 may be employed to provide a rdatio^hip 
which approaches a pure triangular waveform 
as indicated by the curve in Fig. 3 but witii 
the dotted sharp peaks wiA the values for 
the ratio of the maximum amphtude of e^ 

35 of the harmonic component voltages Eh to the 
maximum amplitude <rf the fundament^ com- 
ponent voltage as given by the suffix foi 
each of the sevoi sinusoidal terms m equation 
(3) supia and with the foUowing values of the 

40 coupling factor for the various harmonics, the 
following values for the number of tiims 
for each coal of different slot-pitch m the 
stator wmding and the percentage of thej total 
number of turns of die stator windmg which 

45 each coil represents; 



Coupling Factor 



=-1.000 
0259 
K.= -0.0984 
= 0.0466 
= -0.00772 
Ku- -0.0166 
K„= 0.00775 



Turns 



391 
259 

-258 
495 
124 

-110 
299 



Percent 
of Total 



202 
13.4 
13.4 
25.5 
6.45 
5.68 
15.4 



50 



In another construction in accordance with 
the present mvemion a 9-slot (4-coil) statoi 
was employed to provide a rdationship similar 
to that indicated by the solid-line curve in 
Fig 3. In this construction, mdicated m Fig. 
5, the coil of 1-slot pitdi, die coal of 2-slot 



55 
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pitch, the coil of 3-slct pitch and the coil of 
4-slot pitch were each provided v/ith 260 
turns. The primaiy winding i^d 380 tiini& 

Where desired, the following approach may 
be followed to determine the values of the 
coupling factor K for each jiarmonic. It will be 
assumed that a 9-slot (4 coil) stat«sr is to be 
used by way of example. Starting with the 
waveform of the desired relationship between 
die output voltage and angular displacement, 
for a given or constant input voltage applied 
to the piimaiy \vinding, a Fourier analysis is 
made as indicated by equations (2) and (3) 
to obtain the desired values of the maximum 
amplitudes E^, Eg, E- and E, of the various 
haimonic oon^nent voltages. A 9-slot stator 
is then wound with the four coils. Estimated 
or trial values are used for the number of 



turns N^, No, Na and for each coil. The 
20 rotatable transformer is then put together 
with such trial values for the number of turns 
in the stator winding, and the primary winding 
is then conneaed across the a.c. source. The 
rotor is turned through angular increments, 
25 for example every 2° over a range of ISO*" 
and measurements are taken of the secondary 
output voltage for each increment A Fourier 
analjrsis of the obtained waveform provides 
tentative values for the maximum amplitudes 
30 Ej, Eg, E- and Ey of the harmonic component 
voltages. Tentative equations like equations 
(5) — (8) supra are then written for said 
tentative values of E„ E3, E5 and E: in tenns 
of the placement angles 0^, 0^ 6^ and ^, and 
35 trial values of N„ N^, and N^. Since the 
only unknown are the tentative values of the 

Kx, the 
for the 



couplmg faaors Kj, K3, and 



tentative equations may be solved 
tentative K values. 
40 A new set of equations like equations 
(5) — (8) supra is then written for said desired 
values of E^, E., and Er in terms of the 
placement angles ^j, 0^ 0^ and and the 
tentative values /or Kj, K., K3 and K-. The 
45 new set of equations is ihen solved simulta- 
neously for the tentative values of Ni, Ng, N3 
and Nj. The stator is then rewound with the 
number of turns for each coil in accordance 
with said tentative values of N„ N-, N- and 
50 Nj. Measurements of the output voltage are 
agaiin taken in increments as before. If the 
wavefonn obtained is not as close as necessary 
tc the waveform of said desired voltage- 
displacement relationship, then the procedure 
55 is repeated until the desired relationship is 
obtained. 

Fig. 7 shows a derailed construction of a 
rotable transformer 24 in accordance with 
the present invention. Mounted within a hous- 

60 ing 26 is a stator assembly 28. The coils of 
the stator winding 30 are wound in the slots 
of the stator core 32 as previously described. 
The rotor assembly 34 includes die two-pole 
rotor core 36 mounted for rotation oa a shaft 

65 38 which is supported in- suitable bearings at 



the ends of the housing. An insulated elec- 
trical cable 42 passes through an end wall of 
the housing to provide electrical connection 
v.iih die terminals of the stator winding. An 
insulated electrical cable 44 passes through 
the end wall to provide dectncai connection 
with the temiiii^ of the tovar windmg by 
means of the slip-ring and Inrush construction, 
indicated generally at 46. The upper half 48 
and the tower half 50 of the rotor winding 
are wound on the rotor core as indicated. The 
rotor windmg is illustrated diagrammatically 
in Fig. 4 and a salient pole rotor is illustrated 
by way of example. The rotor and stator 
cores may be laminated as shown with silicon- 
iron iransformer lamination stodc In order to 
eliminate slot effect the slots of the stator 
may be provided with a skew equal to the 
separation distance between the centers of two 
adjoimng slots, tliat is a skew of one slot 
pitch. 

It is to be imderstood that the present 
invention applies equally as well to the con- 
struction and winding of a secondary winding 
on a slotted rotor where the primaiy winding 
is wound on two-pole stator core. Although 
certain forais of The invention have been illus- 
trated and described in detail by way of 
example, it is to be expressly understood that 
the invention is not limited. Specific values of 
voltage ratios, number and percentage of coil 
turns, coiq^ling factors, placement angles, 
number of slots, coils and hamionics, etc, have 
been given simply by way of example. Various 
changes may be made in the medianical and 
electrical design and arrangement of the 
elements without departing from scope of the 
appended claims as will now be undersmod by 
those skilled in the art 
What we claim is: — 
1. A variable inductive device, such as a 
. rotatable transformer having two inductively 
coupled elements respectively caziying the 
prJmaiy wmding and the secondary winding, 
for producing a desired non-sinusoidal rela- 
tionship between the secondary voltage and 
the angular displacement bcuvecn the primary 
and secondary' windings, in which the second- 
ly winding includes a series of coils which 
lie in slots with the same or a different 
number of tinus and a different slot-pitch for 
each independent ceil, wiiich are aU substan- 
tially symmetrical about an axis normal to 
the axis of rotation, and which are distributed 
to produce a series of predeteimined different 
haimonics of predeteimined amplitude in said 
relationship between the secondary voltage 
and the angular displacement between i£e 
primary and secondary windings. 

2. A variable inductive device, such as a 
rotatable transfcxmer, for prcducing a sub- 
stantially linear relationship between ±e 
secondary voltage and the angular displace- 
ment between the primaiy and secondary 
\diidings, comprising a rotor and a stator 130 
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element, one of said elements including an 
electromagneticaliy bi^mmetrical bipok 
carrying the primary winding which is 
conncctable to a source of periodically varying 

5 electrical aiergy, and die otho" of said 
elements carrying a secondaiy winding formed 
cf a number of independent substantially 
paraHd coils woirnd symmetrically about an 
axis normal to the axis of rotation and inter- 

10 conneaed to produce component harmonic 
voltages of predetennined magnitudes which 
algd>raically add to produce a resultant 
voltage which is said secondary voltage and 
whnch are, respectively, predetermined desired 

15 harmonics in the relationship between said 
secondary vdtage and the angular displace^ 
ment between said primary and secondary 
windings. 

3. A variable inductive device as claimed m 
20 claim 1 or 2 an wluch the element carrying 
the secondaiy winding has a 15-slot core and 
the secondary winding distributed thereon 
cc!n:5)rises paralld, or equivalent, coils vdth 
the turns in eadi coil having approxinaatdy 
25 the following respective percentage of the 
total number ci turns in the winding : 



coil, 
slot 
pitch 



turns, 
per cent 
of total 



30 



35 



1 


15.4 


2 


14.5 


3 


14.0 


4 


14.0 


5 


14.0 


6 


14.0 


7 


14.0 



40 



4. A variable inductive device as daimed 
in daim 1 or 2, m which the dement carrying 
the secondary winding has a 15-slot core and 
the secondary winding distributed ther«m 
comprises parallel, or equivalent, coils with 
the turns in each coal having approximately 
the following respective percentage of the 
total number of tinns in the wunding : 



coil. 


turns, 


slot 


per cent 


pitch 


of total 


1 


20.2 


2 


13.4 


3 


13.4 


4 


25.5 


5 


6.45 


6 


5.68 


7 


15.4 



45 



50 



5. A variable mductive device as dainacd 
in claim 1 or 2, in which the dement carrying 
the secondary winding has a 9-slot core and 
the secondary winding distributed thcreoD 
comprises parallel, or equivalent, coils with 
the turns in each coil having appioxmatdy 
the following respective perccnmge of the 
total number of turns in die winding : 



55 



60 



coil, 


turns, 


slot 


per cent 


pitch 


of total 


1 


25 


2 


25 


3 


25 


4 


25 



65 



6. A variable inductive device as claimed 
in daim 3, 4 or 5, in which the slots of the 
core of the dement carrying the secondary 
winding have a one-slot skew to eliminate 
dot effect 

7, A variable inductive devxce constructea 
and adapted to operate substantially as 
described with rrferenoe to the accompanying 
drawings. 

For the Applicants, 
R J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
29, Southampton Buildings, 
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